Gliding is an energetically efficient mode of locomotion that has evolved independently, and in different ways, in several tetrapod groups. Here, we report on an acrodontan lizard from the Early Cretaceous Jehol Group of China showing an array of morphological traits associated with gliding. It represents the only known occurrence of this specialization in a fossil lizard and provides evidence of an Early Cretaceous ecological diversification into an aerial niche by crown-group squamates. The lizard has a dorsal-ribsupported patagium, a structure independently evolved in the Late Triassic basal lepidosauromorph kuehneosaurs and the extant agamid lizard Draco, revealing a surprising case of convergent evolution among lepidosauromorphans. A patagial character combination of much longer bilaterally than anteroposteriorly, significantly thicker along the leading edge than along the trailing edge, tapered laterally to form a wing tip, and secondarily supported by an array of linear collagen fibers is not common in gliders and enriches our knowledge of gliding adaptations among tetrapods.
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Squamata ͉ Acrodonta ͉ gliding adaptation ͉ Liaoning ͉ patagium O ver the last decade, numerous exceptionally well preserved vertebrate fossils have been recovered from the Jehol Group of northeastern China, which have improved greatly our understanding of the evolution of various vertebrate clades, notably the birds and mammals (1) . Here, we report on a new acrodontan lizard from the Barremian Zhuanchengzi Bed of the Yixian Formation of China (2) , showing an array of morphological traits that suggest a gliding mechanism different from that of many other tetrapod gliders (3) (4) (5) . This find not only sheds light on our understanding of the evolution of the squamates, a major vertebrate group relatively poorly represented by the fossil record in the Jehol Group, but also greatly enriches our knowledge of the gliding behavior among tetrapods. Systematic Paleontology. Squamata Oppel, 1811. Iguania Cope, 1864. Acrodonta Cope, 1864. Xianglong zhaoi gen. et sp. nov. Holotype. The holotype is a complete skeleton with fine skin impressions preserved on slab and counter slab, and the specimen is reposited at the Liaoning Paleontological Museum (specimen no.: LPM 000666). Etymology. The generic name means flying dragon in Chinese; the specific epithet honors Zhao Dayu, one of the founders of the Liaoning Paleontological Museum. Locality and horizon. The holotype was collected at the Zhuanchengzi locality, near Yizhou, Liaoning Province, China. The horizon of the find is the Lower Cretaceous Zhuanchengzi Bed of the Yixian Formation.
Diagnosis. An acrodontan distinguishable from other species in having eight elongate dorsal ribs, significant elongation of transverse processes of dorsal vertebrae, short and expanded transverse processes of anterior caudals, ulna and radius divergent distally, metacarpal IV shorter than other metacarpals, pedal digit V greatly elongated, first manual and pedal digits curved ventromedially, and the presence of secondary support of patagium by dense parallel collagen fibers.
Description and Comparison. The Xianglong holotype was probably at a young ontogenetic stage at the time of death as indicated by the absence of ossified carpals and poorly ossified tarsals. It is 155 mm long, including an extremely slender 95-mm-long tail (Fig. 1 ). The entire body including the skull is covered with small granular scales, which show little size variation ( Fig. 2 A-D) . No osteoderms are visible. The most striking feature of the specimen is its superbly preserved membranous patagium, which is in a half-open position, probably reflecting a postmortem relaxing of the folded ''wing.'' The patagium is internally supported by eight greatly elongated dorsal ribs. The second of these is the longest and the most robust, with succeeding ribs becoming progressively shorter. Numerous collagen fibers run parallel to the ribs, and they are particularly well developed along the trailing edge ( Fig. 2E ). The leading edge of the patagium is supported mainly by the elongate second rib but is further strengthened by the abutting first rib. The trailing edge is thin and supported only by the collagen fibers, because the elongate dorsal ribs terminate before this level. When fully open, the patagium would be about three times as wide transversely as long anteroposteriorly, with a tapered lateral edge. Externally, the patagium is covered by scales along its leading edge ( Fig. 2B ), but the remainder appears naked. A large gular flap is present, internally supported by a posterolaterally oriented, rod-like second ceratobranchial process of the hyoid apparatus, and externally covered by scales ( Figs. 1B and 2 A) .
Xianglong has a short snout and rounded temporal corners, but these are possibly juvenile features. As in other iguanians, the dorsal process of the maxilla is located anteriorly. Together with the jugal, it has a rectangular configuration, a feature seen in many nonchamaeleontid acrodontans (6) . Premaxillary teeth appear to be considerably smaller than the maxillary teeth, the posterior of which have a wide tooth base and pointed tip giving a triangular outline in lateral view. However, some of these features need further confirmation by additional specimens because the skull of the only known specimen is extensively covered by scales, which partially obscure the sutures of the roofing elements.
There are 24 short procoelous presacral vertebrae, of which eight are cervicals. Slender, laterally extended transverse processes are present on the 5th through 21st presacral vertebrae, with those of the 12th through 19th presacrals being longer than the corresponding centra (Fig. 1B) . The unicapitate dorsal ribs are proximally expanded and distally straight. Two sacral and Ϸ50 caudal vertebrae are present. No caudal vertebra shows intravertebral autotomy septa.
Of the shoulder girdle, the clavicle is slender, rod-like, and medially curved. As in many (but not all) other arboreal forms, the forelimb is proportionally short and slender, about half the hindlimb length, comparable with those of some facultatively bipedal lizards (7, 8) . The ulna is slightly shorter than the radius, and the two bones are noticeably divergent distally. The metacarpals are divergent distally (Fig. 2C) , with the fourth one the shortest (Fig. 1B) . The phalangeal formula of the manus is 2-3-4-5-3.
The tibia is significantly shorter than the femur. The fibula is much thinner than the tibia and bows from the latter for much of its length. In the pes, the first pedal digit is curved, the fifth metatarsal is double-hooked, and the greatly elongated fifth digit diverges from the other digits ( Figs. 1B and 2D ). The pedal phalangeal formula is 2-3-4-5-4.
Discussion and Conclusions. The squamate affinities of Xianglong are indicated by the procoelous presacral vertebrae, loss of the gastralia, and the highly modified fifth metatarsal (6, 7, 9) . A character combination of the smaller premaxillary teeth relative to maxillary ones, probably acrodont posterior maxillary teeth, and small granular scales with little size variation, suggests that Xianglong is probably an acrodontan (6, 7, 9) , and this phylogenetic hypothesis is supported by a cladistic analysis [ Fig. 3 and supporting information (SI) Text].
Different from the majority of the Squamata, which are ground living (7) , Xianglong shows clear climbing adaptations suggestive of an arboreal habit, including the following: a curved manual and pedal digit I, elongate penultimate manual and pedal phalanges, a greatly elongated pedal digit V, and strongly curved manual and pedal claws (7, 10). Furthermore, it possesses a gliding capability, an adaptation only seen in few living species within the Squamata (10, 11) . The discovery of Xianglong, therefore, provides unambiguous and the only known fossil evidence so far documenting the gliding behavior in the squamate evolution; and the discovery indicates that squamates had diversified into an aerial niche by Barremian time (2) .
Xianglong possesses an unusual combination of morphological features associated with gliding. Like the Late Triassic basal lepidosauromorph kuehneosaurs and the extant agamid lizard Draco (12) (13) (14) (15) , Xianglong has a patagium supported by elongate dorsal ribs (Fig. 3 ). Noteworthy is that Xianglong's patagium shares with the wings of powered f liers several features critical to f light performance according to aerodynamic theory (4, 16, 17) , such as much greater transverse width compared with the anteroposterior length, a significantly thickened leading edge relative to a thin trailing one, and a tapered wing tip, which are sporadically distributed but not common in gliding tetrapods. Furthermore, Xianglong's patagium is mostly naked and is strengthened by tough parallel collagen fibers, a feature otherwise known only in pterosaurs and the enigmatic reptile Sharovipteryx (18, 19) . Of the wing shape parameters, wing loading, aspect ratio, and the outer area proportions (one-fifth of the wing) are the three important indicators of aerial performance (20) . Xianglong is estimated to have a wing loading of 0.24 g/cm 2 (ϭ23.5 N/m 2 ), an aspect ratio of 6.5, and an outer area proportion of 8% (see SI Text). These ratios are close to those in fast-f lying birds with great maneuverability, such as passeriforms. It is remarkable that several lepidosauromorphan lineages independently evolved a dorsal-rib-supported patagium in the Late Triassic, Early Cretaceous, and modern time, respectively, although their patagia are different from each other in many details, including the overall shape, internal structure, and epidermal surface, among others ( Fig. 3 ) (see SI Table 1 ). The discovery of Xianglong reveals a surprising case of convergent evolution among lepidosauromorphans and enriches our knowledge of gliding adaptations among tetrapods.
Methods. We coded Xianglong into a matrix that was published recently (21) . The data matrix was analyzed by using the NONA (version 2.0) software package (22) , and formatting and character exploration was performed in WinClada (23) . The analysis protocol consisted of 1,000 Tree Bisection and Regrafting tree searches followed by branch swapping. Settings included collapsing unsupported branches and counting all states in polymorphic codings. Other settings including the character ordering follow the methods presented in ref. 21. 
